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DESCRIPTION AND OPERATION OF THE
CENERAL FURPOSE VARIABLE DELAY UNIT

Abstract

The general purpose variuble dela; unit is a devlice deslgned for obtaining a
trigger pulse dclayed i» time from an inyut trigger. The amount of delay time
can be varied continuously from a fixed :inimum value of sbout 10 microseconds
(approximately 1 statute mile) to & mazimum of ubout 2400 microsecords (ap-
proxim.tely 200 nautical mlles), deve &ing of covrase on the perind between in-
put triggers, In fact, the maxinun deluy cen be up to 85 percent of the dur-
ation f this period. The unit will accapt a positive or negative trigger
rising to at Jeast 50 volts in .5 microsecond and supplieca a positive or neg
ative tripgrer output, The citput tripgzers rise to 90 percent of muximum am-
plitide in .2 microsecond with positive ovutput of 70 volts at 75 ohms imped-
ance and negative output of 200 volis at 40CO o'ms impedance, The delay circuit
used is the phantastren using the type 6SA7 tube, Tie unit operates from a
line voltayre of 115 volts at 50 to 1200 cyeles per second and when constructed
as illustrated will weigh about 20 pounds,

R. P. ibbenhouse

Approved by.

7 54,

Leader, Group 62

Title puge
10 aumtcied pagos
7 vages £ figures




DESCRIPTION AND OPERATION OF THE GENERAL PURPOSE VARIABLE DELAY UNIT

1.

Introduction.

The delay control in the general purpose delay unit is derived from an
electronically regulated d.c. variable contral voltage in a phantaatron eir-
cult using a 6SA7 tube, Tho phantastron circuit 1s used beeause it provides
for a very linear variation of delay time, and hence, allows accurate and

reliable calibration of a dial associated with the control voltage variable,

A detailed discussion of the phantastron principle can be found in
Radiation Laboratory report, No., 63-21.

In addition to the phantastron circuit, other circults are required to
provide projer input voltagea and for the derivation of the output trigger
from the output voltape of the phantastron eircult, The block diagram in
Fig. 1 indicates the sequence of eircuit operation.
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Fig. 1

In this unit a 30 volt positive trigger 1s applied to grid Ho., 2 of
the 65A7, This grid ncts as & seccond control element in this tube. The re- |
sulting action results in a negative vaveform at the cathode whuse duration

is proportional to the value of the control voltage derived from a potenti- %
ometer across the supply veltnge. The positive variation of cathode wolt-

age correeponding to the recovery action of tha circuit is linear with time, |
Furthermore, the slope of this vorlation 1s ccnstunt with respect to contrel

voltage and hence the duration of tha cycle, At siume point along thia slope |
the bias on a trigger genszrator stage is overcone, resulting in one cycls of

operation of the trigger generating elrcuit,
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The trigger generator is a blocking oscillator normally blased to cutoff
and its operation is thus delayed from the input trigger by an amount of time
determined b7 the oontrol voltage in the phantastron ‘eircuit,

A fast rising pulse occwrring in the cathode circuit of the blocking
oscillator forms the positive trigger output., A negative trigyer is obtained
by inverting this positive trigger in the second half of V1.

2. gggui !.

2,1 Inverters. As mentioned in section 1 two inverters are used in
this unit and utilisze the two sections of a 68N7 tube. One provides the pos-
itive trigger for the phantastron from the negative trigger input terminal
while the other inverts the positive output trigger to make a negative trig-
ger available from the delay unit,

In the first case the triode section is normally omducting at zero
bias, The negative input momentarily cuts off plate current allowing a fast
rising positive signal to develop in the plate oircuit. The plate load con-
sists of RS in parallel with R6 and R10 through C5. C4 in the grid olrcuit
of V1A prevents parasitio oscillation that was previously observed at thia
piﬂto

In the seoond application of the inverter the second section of V1 is
bilased beyond plate ocurrent cutoff. The grid is direot coupled to the cathode
circult of the trigger generator tube, This point of connection s a fractiom
of a volt above ground potential except when a current pulse flows through it
dus to the operation of the trigger generator,

2.2 Phantastron delay circuit, The phantastron cirocuit oonsists of a
68A7 (V2) in conjunction with both sections of a 657 (V3), Following, for
the most part, Radiation Laboratory report 63-21, we divide the operation of
the oircuit into six stages, The basic eircuit is shom in Fig. 2 and the
waveforns at the various electrodes are shown in Fig, 3
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2.21 Stage VI - Quiescc:t Stage. This stage 18 considered first in

ordsr to point out the conditins of the eircuit before and efter a eyole
of operation initiated by a trigger. Plate curreant is out off by a G3 blas
of 15 volts. The plate potential is held at approximately the ocontrol volt-
age by the diods T3, G) bias ie hold near zero by means of G1 current through

tied to B+, The screen, G2,4, is drawing sbout 4 ma. mostly to the col-
lector plate tied to Oz, Consoquently, Vo 18 about 40 volts, Ce 1is charged
to the control voltage minus initial G) potential.

2,22 Stags I. This stae of operation is initiated by a 30 volt pos- ]
itive trigger applied to G3, tha sscand coitrcl element in the 6SA7, Space ; -
ourrent is quickly transfsrred {rom the screen to the plate ocircuit cutting
off the diods in a fraction of a microsecond. V, drops as the stray capacl-
tance from plate to ground ie discharged. This drop in Vp 1s passed to G
through the cathode follower T2 and olosely behind Gl. In other words, tﬁo
signal on G3 removee its bine momentarily transferring space ourrent from
screen to te. But plate current is such e small fraction f space cur-
rent thut Vg also drops and the regenerative action from plate to G) keeps
Gy bias from changing appreciably. The duraticn of stage I depends mostly
on Ry, Cgirpy but somewhat on the shape and duration of the trigger. Stage
I ends when squilibriunm plzte current flows. g 18 large compured to
RiCatray #0 that Cg doss not discharge apprsciably.

2,23 Stage II. An unstable condition now existe because Gy current
is cut off and Cg must discharge, It does @o through Ry, causing Vg to rise
toward B+, An increase in nlate current occurs so that P falls further.
This fall in V, 1s fed beck to G}, Screen current also increasss but only
slightly durh-g this stagse. This action then corresponds to the action in
a Miller fsedback circuit.

VP dscreasee exponentially with time, 1.e.,
t

Ve 4 Kza-'f

Ky end K2 involve all the ecircuit and tube parameters. (Ses repart
63-21 for derivations.) In order for the delsy characteristic of the phan--
tastron to be linsar V, muel dscrease linearly so thut T must be large com-
pared with any delay tguo t that may be used, For a high p tube euch as the
68A7 in a region of modsrate Gp (1020), T ~ ucl'ﬂg. Stage II ende when Vp
and Vgg reach so low a value that i ceases to increuse with decreasing
blas on G}, By dsfinition thie is a rcgicn of low Gp and thus Yy falls
nonlinearly and eventually hecomes cunztant (about 27 velts in tgo dsley
unit) at the snd of stage II. This omstint value of V_ 1s independent of
wtrol voltage. Tho duration of this stege 1s given anroximtely below

C.V. - AV

T/RGC,

I27

C.V. = control voltage

AVI = drop in vp during stage I.
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2.24 ism I1l. Durin; this stage Vp 1s at 1ts lowest possidle valuu
‘back oan oocur betwoon plate and grid. Y,

with ¥, following alon; olosely afid
most of the ing.eesiny apace ourrent, thereby deorenalnp Vape

rises toward B+ with
the soresn tnking
1p should ia-~

orease, but G3 blas 1s deorensing as Uy 1noreases 20 that i, deoreas:a slirhte~
aslnpg '2 to rise. Vg inoreases finally to the point where fiz blss ap-

ly, ocau

proeshes plat

ning of this st

ing out

2.26 jJtage IV-
ot nnd%m s0

ourrent out off, ~arking the end of stage Ill.

The rocenerative notlon synin tnies hold at the berin=-
e and ¥y rises with ¥p.
n‘n 1s taxing ubh tne

falls sharply now since i, 1a bde
paos ourrent @s O3 blas indremses.

¥y rises at ¢ rate detesmined by R, X O stray, as in atage I, nnd the sh rp~

ss vf G ip cut off dles.
stant uu.-rdgo

tipags

88 of G} bvias: G

This stage ends ..hen soreen ourrent becomes oon=~
ourrent doging to flow o 'aln eventually
to the quie:oent blag condition nt the end f atrge V.

of and its rate of ri'e durins this stage in independent of

Yo at

aontrol voltege, nud nt gome point of tils rise, the bins of tho following

amplifier stnge, V¢ is ovoreome so that the output trigger ls formed.

2.26 Stare ¥V, Vp oontinues to rise acoordins to Ry X @ stray until it
1s oauzht by ihe dlodo and olamped to the oontrol voitase.

Vg has reached 1its

quiesoent voltnzo sometire durins; atnfe IV, but overihoots it in followins Gy
beyond its qulesacent point due to feedbaoi fror the plate throush the oathode

foilover, T2,

The shape of thls ovorshiot ls due to the curreat pulse in (.

nnd its durrtion turns out to be proportional to the dummtion of the e:tire

eyolo, nud henoe, proportional to the oontrol voltare.

This faot is unimpor-~

tnnt 31noo the ° aximum possible duty oysle remains adbout 85 percout for ony

2

input trisger repetition fro~uenoy.

o3

V., and vaiwhich are both type 6AG7 tube:.

low in t

mulse transformer,

Amplifier and frigpus Guleiavies

- sodhmned &
Tho G, =1ggar

dvpia Ve s iz formed in

Since interelectrode capacity is

8 type it is possible to obtain very rapid action especially when
large amounts of feedback are introduced as with a secondary winding of a

In the circuilt used in the delay unit, V, eots as a
current amplifier which is normally cut off,

When the oatliode of V, rises

toward its stable value at the end of stage V, V; grid is carried into the
plate ourrent conducting region und a fast current pulse is pulled through
the plate winding of T1. Coupling to the grid winding is such that V5 grid
is driven positive momenterily causing plate current to flow in Vs, further

amplifying the current pulse in V;.
and when dip/dt becomes zero, gr

negative, cutting off Vg plate current.

ecross R27,

Bonlry + 2)

Saturation current is quickly reached
current in V5 and R28 discharges Cy2,
and tae feedback nction again takes hold so as to drive V, grid strongly
Now C12 can discharge only through
R28, pesulting in a comparatively slow recovery of V5 grid. In the meantime,
during the positive portion of the grid signal, a ourrent pulse will be formed
This current pulsc reaches a peak about .5 ampere causing a 75

_ volt trigpger to appear at this point at a very low impedance level, which is
of the order of 50 ohms, {,.e,,

Z, =

(p+1) 'l27 +x, + z,“




This nositive trigger is availablo at the punel >f the instrument and is also
direct coupled to the grid of the inverter ce described in 2,1 to obtain a
negative tripgzer for external use, Since no oscillation in T) can take

place while the grid of V5 is held negative by Cyo, plate current in Vj de
teriorates to a stable value (30} and will not change again until the end of
the next cycle of operation of the phantastron.

3. General,

It 13 essential to use hirh quelity comnonents in this unit if reason
able reli:bility >f calibration »f delay time is to be exnected, This is es:
pecially true for the phantastron eircuit itself. For ninimum variation due
to temperature changes the resistora sgeclfied for Ry to R: 9 inciusive ehould
be of the tyres recommeided in the parts list at the end o} this munwsl. Cs5
and Cg ehauld be of high grade mica such as JAN- Ci'30% and JAN CM35E, respec
tively.

Fhen tube replucements beecome neceesary for V, and V3, R14 and Rly cen
be readjusted to reeet the delay to ths dial calibretion.

Staniard receiving type tubes wore used since they are more generally
available, Miniature ejuivalente of these tubes could be used with some cir
cuit modifications i1f epace considerations demand it. In fact, sowe advan
tage may be gnined in respeet to jitter duc to line voltage ripyle if a
6AS6 (miniature) is used instead if the ASA7. It was found that heater sup
ply ripple in the 6SA7 cauced a constant jitier of about 0.1 psec. in the
output tripgger. Thirs jitter would disappear if d.e, were used for heater
supply. It also geems to depend on the time constant in the grid circuit
since it wae .02 usec. when Cg 18 used and 0,1 when Cg is used for the de
lay range.

Fig. 4 13 a graph of the amount of delay as a function of the dial set
ting, It is thus scen that the delay is directly proportional to the dial
reading, However, it will be noted that thic delay is not linear for the
first 3 to 12 divieions on both the low and high delay range corresponding
to C5 ani Cg respectively on switch ow, 2,

To assist in loeatiny tr.uble when maintcnance is neccssary, the tshle
at the end of this text isay be referred to for socket terminal voltages
that should normally be read with a 20,000 ohm per volt multimeter. Anm os:
cilloscope would be deelrable for checking wave forms that should appear at
these points, Review of the precseding text and reference to the schematic
diagren should iniicate what these wave forms should be,

As shovm in the photoyra ha of Fig. 5, 6, 7, and 3 the packaging util
izes an SAR type chessis und dust cover. In addition, if ths power trans
former epecified in the parts list is used, this unit will be suitable

% At the time the model showm in the photograrhs was built this transformer
was not yet available, About 4 pounls will Le added to ihe weliht of the
wnit if it is used.
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for airborne use and should give trouble iree service under most canditlons
normal to alrborne app.icatlons., Unler normal room conditions, the oper
ating temcerature inside the unit reaches approximately £39¢,
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PARTS LIST - GEniitbs PURPOSE VARIABLI' DELAY

Voluage
Rating Tolerance JiN 1f any

1/om 10 percent RCIOBF4T4K
W 10 percent RCA1AE393K
b ) percent RC4LEL393h
iw percent RC30AEY1
10w percent Rooloha Type KT
b percent RC31AE105S
10% wercent Kooloha Type KT
o percent RC41AE682T
1w percent RC30AE103J
/2w percent
1/°w percent  Precision wire wound
1w percent RC30AE4L73Y
o percent Koolohm Type KT
A rercent Dedur Ausco No.281
o pereent RA2CAL50502AK
1w percent RC30AE435
1% percent RC30AES23J
1/zw percent RC20BF02J
1w percent RC30AL183J
1r percent RC30AES512X
1w rercent RC30AE22LT
1w percent RC30AEL53Y
bLJ pereent RC30AE151F
1zn peroent RC20BF683Y
1/aw percent RC20BF103K
1/2% percent PC208F333K
/% pereent RC20BF224K
1/:% vercent RC20BF474K
1/ percent RC203F105K
n percent RCLLAELI23K
iw 0 poarcent RC30AE27X
/2% percent RC20BF474K
i percent RC30AEL543
1w percent RC20AEL04S

600V

[

n

[
(VA AV AV NolU RV SCURY Rl AV ALY LN -RV AV SR LY.}

-

S et et et b b ek
O00DOLOLO

Cvan

N
o

rercent metal cused oil im~

rregneted paper
percent Cii20A201
rercent CHi20A201
yereceat CHM20A430
percent CM30E122
percent C35E622

triple with Cl18017

Tobe OKS01

rercent CH20A101
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Power or
Voltage
Rating Tolerance JAN if sny

]

Tobe OM6OL
Triple with C7 and C17
CH30E182
Sprague metal cased oll paper
n n n L] n

ER k

.O.EEOH

450 Sprague DL1L67
4,50 [] []

60 Aeravox 618CB
60 Tobe 0i610
450 Sprague D11167

10H filter choke 5Cma 240 Freed 12185

ebreed

Pulse transformer Utah X154T
Power transformer R,L. dwg. ALL730A to F incl, C6769A,
C119524, C12582D; or T70R7C and T19F97

SPDT Toggle ST12D
Rotary SPDT
SPST Toggle ST12A

9 0O%el tube sosckets molded mica base bakelite for 1™ dia. chassis hole
Diel - Natlonal type N
Fuse holder for 2AG fugss
Fuse 3AG 2 amp.
Pllot Bulb und holder iiiniature .ayonectte
Chaskis SARCM type B-18
Dust cover SARCH type D-13

Pl Motor plug, mile, chassia, twist lock, ilibbel minlatuve
P2 Motor plug, femnle, cable, talat lock, Hibbel miniature
P3 Line oord plug

Line coxd 5 £t long

J1,33,35,37 Amphenol type 8CE chassis ceble connector
J2,34,36,d8 U.H.F, pancl jack - AN Mo, £3-239, Navy No, 49194

Vi 68N7 tube

v2 6SA7 tube

v2 54N6GTY tube
GAS7 tube
GAGT tube
5Y3G tubs
616G tube
65J7G tube
VR105 tube




Hardware

All screws end nuts required must te cadmiuvm plated, Use either elas-
tic stop nuis or plain nut and locik washer and vlotted hemd screws.

Mount potentiometer, R13, on 1/2 inch spucera, brass.
Terminal strips R.L. dwg. B139(7C

Parel drilling layout R.L. dwg. BL3%67D
Chassis drilling lay,ut R.L. dwg. E)L3G6TF

R, P. Abbenhousge
October 26, 1945
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This variable delay is a device designed for obtaining a trigger pulse delayed in time
froz an input trigger. The delay tima can be varied continuously from a fixad minimum
value of about 10 microseconds to a maximum of about 24,00 microseconds depending on ths
period between input triggers. The unit will accept a positive or negative trigger
rising to at least 50 volts in 0.5 microsecond and supplies a positive or negative trigger
output. It operates from a line voltage of 115 volts at 50 to 1200 cycles per second and
will weigh approximately 20 pounds.
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